Introduction
============

The rapid increase in the elderly population (≥65 years) has become a challenging medical problem in developed countries.[@b1-ndt-12-2843],[@b2-ndt-12-2843] The proportion of elderly people in the total population of Taiwan has risen continually over the past 3 decades from 4.1% in 1980 to 11.5% in 2013; this is the highest rate of aging worldwide.[@b3-ndt-12-2843] Dementia is a major public health problem related to the aging population in developed countries, and Alzheimer's disease (AD), a chronic neurodegenerative disease that usually starts slowly and worsens over time, accounts for 60%--70% of dementia cases.[@b4-ndt-12-2843],[@b5-ndt-12-2843] As the disease progresses, symptoms can include problems with language, disorientation (eg, getting lost easily), mood swings, loss of motivation, lack of self-care, and challenging behavior.[@b4-ndt-12-2843],[@b5-ndt-12-2843] These symptoms progressively interfere with vital activities of daily living and independence.[@b6-ndt-12-2843] Effective nonpharmacological interventions that entail fewer side effects compared with pharmacological interventions must be developed to lessen the functional impact of AD.[@b7-ndt-12-2843],[@b8-ndt-12-2843]

Some traditional Chinese approaches may improve cognitive and physical function in the elderly.[@b9-ndt-12-2843],[@b10-ndt-12-2843] For example, Tai Chi Chuan (Tai Chi) is a traditional Chinese aerobic mind--body exercise with mild-to-moderate intensity that has recently become popular worldwide; it is appropriate for all ages.[@b9-ndt-12-2843] Recent studies have demonstrated that Tai Chi is safe and effective for patients with neurological diseases (eg, stroke, Parkinson's disease, traumatic brain injury, multiple sclerosis, and cognitive dysfunction),[@b11-ndt-12-2843]--[@b13-ndt-12-2843] orthopedic diseases (eg, osteoarthritis, osteoporosis, lower back pain, and musculoskeletal disorder),[@b14-ndt-12-2843] and cardiovascular diseases (eg, acute myocardial infarction, coronary artery bypass grafting surgery, and heart failure).[@b15-ndt-12-2843] Tai Chi also promotes general health and well-being.[@b16-ndt-12-2843]

Chinese calligraphic handwriting and drawing, two traditional Chinese arts, require integration of the mind and body with characters (Chinese alphabet) through an interwoven dynamic process. These arts involve visual perception of the characters, spatial structuring of the characters, cognitive planning, and maneuvering of the brush to follow specific character configurations. Clinical research has found that calligraphy used as therapy may improve behavioral and psychosomatic disorders.[@b17-ndt-12-2843] They also have a therapeutic effect on hypertension and other diseases, such as type 2 diabetes.[@b18-ndt-12-2843],[@b19-ndt-12-2843] Moreover, calligraphic writing may improve attention span and concentration and may facilitate relaxation and emotional stabilization.[@b20-ndt-12-2843],[@b21-ndt-12-2843] For instance, calligraphy has been reported to successfully enhance spatial ability, visual attention, and picture memory in people with AD.[@b22-ndt-12-2843],[@b23-ndt-12-2843] Similarly, intellectual leisure activities, such as calligraphy, in later life may delay cognitive deterioration.[@b24-ndt-12-2843]

Tai Chi, calligraphy, and drawing interventions appear to have the potential to minimize age-related problems; therefore, we initiated a pilot trial to examine the effects of short-term multiple training modalities in patients with AD. This trial enables us to determine the feasibility of the combined intervention as a nondrug training modality against age-related cognitive and psychiatric dysfunction in the Taiwanese population.

Patients and methods
====================

We conducted a pretest--posttest comparison pilot study to evaluate the effects of multiple training modalities on the level of cognition, neuropsychiatric symptoms, caregivers' burden, and quality of life (QOL) in patients with AD. The study was conducted from July 27, 2014 to May 26, 2015.

Ethical considerations
----------------------

Patients were voluntary participants in the study, and they were informed about the purpose of the study. A written informed consent that includes the research title, purpose, explanation of the research, and the procedures of the study was obtained from each eligible participant. Risks and benefits were also explained clearly to the participants. Side effects arising from the multiple training modalities are rare. Normal reactions, including dyspnea and tiredness while engaged in Tai Chi, that may occur were easily resolved by resting. Each participant was given the opportunity to ask questions and he or she was free to refuse to answer any questions and any assessments, and may withdraw from the study at any time. Participants were protected from discomfort and harm during the study. All procedures were approved by the Institutional Review Board of Kaohsiung Medical University Chung-Ho Memorial Hospital (KMUHIRB-20140015).

Participants
------------

Participants were recruited from the neurological outpatient department of Kaohsiung Municipal Ta-Tung Hospital located in the southern part of Taiwan. The inclusion criteria were as follows: 1) \>65 years of age, 2) AD with a Clinical Dementia Rating (CDR) score of 0.5--1, 3) upper limb mobility sufficient to perform requisite finger-pointing tasks, such as flexing and extending the shoulder, elbow, wrist, and fingers, and 4) no neurological or musculoskeletal diseases, such as stroke and visual and auditory impairments. The exclusion criteria were as follows: 1) could not finish the 6-week training course and 2) could not accept the neuropsychological tests. Any participant, who missed any of the 6-week training course or pre/posttest were withdrawn from the study. Twenty-four participants who met the inclusion and exclusion criteria were invited. After obtaining the written informed consent, 14 and ten participants were assigned to the experimental and comparison groups, respectively.

Multiple training modalities
----------------------------

In Asian countries, Tai Chi, calligraphy, and drawing are the three most widely practiced traditional Chinese leisure activities. The Tai Chi program is a 24-form Yang style Tai Chi, which was modified and tailor-made for our target population by two Tai Chi experts. This modified 24-form Tai Chi is designed for easy learning and mastery in a shorter period. The modified forms were also reviewed by an experienced physiotherapist to confirm their safety and feasibility to be used on the target participants. During the Tai Chi practice sessions, an experienced Tai Chi instructor will lead the participants who will replicate the motions, postures, and speed of movement. Chinese calligraphy handwriting, or the Chinese brush writing, often regarded as a unique form of art in Chinese culture, is the writing of Chinese characters by hand using a soft-tipped brush. Drawing is a form of visual art in which a person uses various drawing instruments to mark paper or another two-dimensional medium. They are often practiced to stabilize and improve both the mind and body. In the multiple training modalities intervention employed in this study, specialists trained the participants for 1 hour in each of these three modalities.

Procedure
---------

Participants in the intervention group (N=14) attended 3 hours of multiple training modalities trained by the specialists twice per week for 6 weeks. This duration is based on previous studies, that is, an average frequency of once per week for 12-week intervention of Tai Chi can improve physical performance of healthy elderly people[@b25-ndt-12-2843] and patients with chronic illnesses.[@b26-ndt-12-2843] We chose 6 weeks (twice per week) for our subjects as the training period to evaluate the effect of the short-term multiple training modalities. Participants in the comparison group (N=10) were advised to maintain their routine activities. To enhance the internal validity of the study findings, participants in the comparison group were arranged to join non-health-related social activities such as playing cards and singing at the activity center during the same period. Both at the beginning and after 6 weeks of the training, the senior neuropsychologist spent about 1 hour to assess each participant's cognition, psychological (and behavior) status, global functional status, and QOL using a series of neuropsychiatric assessment tools. The burden of care on the caregivers was also assessed.

Measurement outcomes
--------------------

To evaluate the effects of multiple training modalities on AD, each participant underwent a series of neuropsychological tests -- namely the Traditional Chinese version Mini-Mental Status Examination (TC-MMSE),[@b27-ndt-12-2843] the Cognitive Assessment Screening Instrument (CASI),[@b28-ndt-12-2843] the Neuropsychiatric Inventory (NPI) and the Neuropsychiatric Inventory Caregiver Distress Scale (NPI-D)[@b29-ndt-12-2843] for patients and caregivers, respectively, and the CDR Sum of Boxes (CDR-SB)[@b30-ndt-12-2843] scale -- at the baseline and after 6 weeks of the intervention. In addition, the Chinese version of the short-form Geriatric Depression Scale (GDS-S),[@b31-ndt-12-2843],[@b32-ndt-12-2843] which has high internal consistency and test--retest reliability,[@b33-ndt-12-2843] was used to assess the depression status of informants (GDS-S_inf) and patients (GDS-S_pt).

The World Health Organization Quality of Life-BREF (WHOQOL-BREF) test[@b34-ndt-12-2843] was used to assess the QOL. This instrument was derived from the WHOQOL-100. The WHOQOL-BREF questionnaire contains two items from the Overall QOL and General Health and 24 items of satisfaction that were divided into the following four domains: Physical health with seven items (domain 1), psychological health with six items (domain 2), social relationships with three items (domain 3), and environmental health with eight items (domain 4).[@b35-ndt-12-2843],[@b36-ndt-12-2843] The WHOQOL-BREF was reliable and valid in the assessment of the QOL of all population.[@b37-ndt-12-2843]--[@b39-ndt-12-2843] To collect data on caregivers, the Zarit Caregiver Burden Scale was used.[@b40-ndt-12-2843] This scale has 22 items and measures the mental burden on caregivers. All assessments were performed by a blinded and senior neuropsychologist. Information from a knowledgeable collateral source, usually a spouse or an adult child, was also collected. CASI comprises 25 items whose sum scores range from 0 to 100. CASI has ten subscales that assess attention (maximum score: 8), concentration (10), orientation (18), short-term memory (12), long-term memory (10), language abilities (10), visual construction (10), category fluency (10), and abstraction (6) and judgment (6).[@b41-ndt-12-2843]

Data analysis
-------------

Descriptive statistics was used to summarize the sample characteristics and target variables. The frequency distributions were determined for nominal data (ie, gender), and mean and SD were calculated for continuous data (ie, age, educational level, and neuropsychiatric assessment scores). Paired *t*-test analysis of covariance was used to compare the differences of pre/posttest in neuropsychiatric assessments scores, depression status, QOL, and caregivers' burden. Independent sample *t*-tests were applied to examine between-group differences in assessment outcomes. *P*\<0.05 was considered statistically significant. Data were analyzed using SPSS for Windows 17.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

[Table 1](#t1-ndt-12-2843){ref-type="table"} lists the demographic characteristics of the participants in the study groups. Twenty-four participants were recruited for this study, and 14 and ten participants were assigned to the experimental and comparison groups, respectively. All participants completed the baseline and postintervention assessments. No significant differences were observed between the experimental and comparison groups for all the baseline variables.

Assessment of cognitive function and depression
-----------------------------------------------

The baseline--postintervention differences in the TC-MMSE and CDR-SB scores were nonsignificant in both the experimental and comparison groups, as shown in [Table 2](#t2-ndt-12-2843){ref-type="table"} (TC-MMSE: *P*=0.124 in the experimental group vs *P*=0.626 in the comparison group; CDR-SB: *P*=0.525 in the experimental group vs *P*=0.329 in the comparison group). Compared with the baseline GDS-S scores, the postintervention GDS-S_pt and GDS-S_inf scores did not significantly decrease in the experimental group (GDS-S_pt: *P*=0.272; GDS-S_inf: *P*=0.749) and in the comparison group (GDS-S_pt: *P*=0.173; GDS-S_inf: *P*=0.456). The baseline--postintervention CASI scores did not differ significantly, but in the subscale scores for orientation, a significant increase in the experimental group (*P*=0.045) and a significant decrease in the comparison group (*P*=0.045) were observed; no significant differences were observed in the other nine subscales. In addition, a significant difference was observed between groups on the orientation and language subscale (*P*=0.007 and 0.020).

Assessment of quality of life, caregiver burden, and neuropsychiatric symptoms
------------------------------------------------------------------------------

The WHOQOL-BREF uses four domains to assess the QOL of patients, namely physical health, psychiatry, social relationships, and environment ([Table 3](#t3-ndt-12-2843){ref-type="table"}). Compared with the baseline score, the postintervention score for the domain of psychiatry increased in the experimental group and decreased in the comparison group, with a significant between-group difference (*P*=0.042). The scores for the other domains did not differ significantly. The Zarit score did not change significantly in the experimental group (*P*=0.858) or in the comparison group (*P*=0.089). However, the NPI-D score decreased significantly in the experimental group (*P*=0.035) but not in the comparison group (*P*=0.758; [Table 3](#t3-ndt-12-2843){ref-type="table"}).

Discussion
==========

This experimental study was conducted to investigate the effects of short-term multiple training modalities on AD. The 6-week intervention program led to a significant difference between the experimental and comparison groups in the orientation subscale and NPI-D scores. Furthermore, scores for the psychiatry domain of WHOQOL-BREF improved slightly in the experimental group but decreased in the comparison group; the between-group difference was significant.

Previous studies have evidenced the positive effects of Tai Chi[@b9-ndt-12-2843]--[@b13-ndt-12-2843],[@b42-ndt-12-2843]--[@b45-ndt-12-2843] and calligraphy therapy[@b17-ndt-12-2843],[@b19-ndt-12-2843],[@b21-ndt-12-2843],[@b22-ndt-12-2843],[@b24-ndt-12-2843] on the cognitive and physical functions of elderly with and without cognitive impairment. However, the measures of effect were limited.[@b44-ndt-12-2843] In addition, the study duration of the previous similar studies was on average 30--60 minutes per week for 12--24 weeks, which was less frequent but longer than our study.[@b9-ndt-12-2843] Besides, they usually explored the effect of the single training modality. This is the first study to use multiple neuropsychological tests to measure depression status, QOL, and caregivers' burden after short-term multiple training modalities in patients with AD. With AD progression, patients with AD gradually lose their independence in performing tasks and develop many other neuropsychological problems, which affect the caregivers as well.[@b46-ndt-12-2843] We conducted this study on patients with AD with a CDR score of 0.5--1 (ie, patients with early-stage AD who could meaningfully participate in the intervention program) to explore whether short-term multiple training modalities could facilitate rapid amelioration of various AD symptoms.

This pilot study's result also indicates that the orientation (a subscale of CASI) significantly responded to multiple training modalities. The training program, including the integration of the mind and body, may enhance the visuospatial skills of patients with AD,[@b20-ndt-12-2843] despite no significant difference in the overall CASI and TC-MMSE scores. However, the language subscale was declined in the experimental group; in contrast, improved in the comparison group with significant between-group difference. Compared with the other similar studies, the results were equivocal about the effect of exercise (eg, Tai Chi, aerobic exercise or mind--body practition) on language.[@b11-ndt-12-2843] However, the interventions and tests are different. Language is the ability to acquire and use complex systems of communication, and the training needs practice. Maybe the short-term multiple training modalities, which focus on the mind--body exercise and imitation, are not beneficial for the language training; it still needs additional studies to clarify. A comparison of the pretest and posttest means of the GDS-S_pt and GDS-S_inf scores revealed no significant differences between the study groups. However, a significant between-group difference was observed in the psychiatry domain of WHOQOL-BREF. This short-term intervention could not improve depression; nevertheless, it may help improve other psychiatric problems. In a future study, we will explore the effects of the proposed intervention on various mood-related disorders.

AD socially, psychologically, physically, and economically burdens caregivers.[@b47-ndt-12-2843] High incidence rates of physical and mental disorders have been reported in caregivers of patients with dementia.[@b2-ndt-12-2843] Therefore, we analyzed the Zarit scores to investigate the effects of multiple training modalities on caregiver workload. No significant changes in Zarit scores were observed after the intervention. However, a comparison of the pretest and posttest NPI-D means showed a significant decrease in the scores in the experimental group, whereas the comparison group showed no significant change. The NPI-D is a reliable and valid measure of subjective distress in caregivers of patients experiencing the neuropsychiatric symptoms of AD (lower score means lower distress). Generally, compared with rather than cognitive symptoms, neuropsychiatric symptoms are more strongly associated with caregivers' distress.[@b48-ndt-12-2843] Additional studies are needed to confirm the long-term effects of multiple training modalities on caregivers' burden.

These encouraging findings must be interpreted in light of these several limitations of this study. First, this study was based on a small sample whose recruitment was not random. Second, demographic data (eg, family history and caregiver status) and certain medical information (eg, comorbidity and comedication), which could influence the results, were unavailable. A comprehensive large-scale randomized clinical trial is necessary to address these limitations.

Conclusion
==========

Short-term multiple training modalities may benefit the orientation and psychiatry domains of QOL in patients with AD. In addition, the proposed program may reduce caregivers' distress. However, additional large-scale randomized studies that analyze more variables and employ a long-term follow-up must be conducted to verify our findings.
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###### 

Baseline demographic characteristics and psychiatric examination results of the participants

  Variables                         Participants (N=24)   *P*-value     
  --------------------------------- --------------------- ------------- -------
  Gender (female), n (%)            5 (35.7)              5 (50.0)      0.490
  Age (years)                       70.21±7.90            76.3±7.07     0.065
  Educational level (years)         12.36±3.41            10.5±3.27     0.195
  CDR-SB                            4.89±2.82             4.85±2.58     0.970
  GDS-S_pt                          3.57±3.96             3.40±3.98     0.918
  GDS-S_inf                         4±2.69                3.4±2.50      0.585
  TC-MMSE                           18.71±6.37            19.7±3.97     0.670
  CASI (overall)                    68.08±20.27           64.21±13.80   0.607
   Remote memory (0--10)            8.79±1.85             9±1.49        0.765
   Orientation (0--18)              10.07±6.74            11.30±4.32    0.618
   Attention (0--8)                 6.86±1.09             6.60±1.17     0.588
   Concentration (0--10)            6±3.66                6.9±2.42      0.506
   Recent memory (0--12)            4.92±4.97             2.33±3.62     0.175
   Fluency (0--10)                  5.14±2.18             4±2.98        0.289
   Language (0--10)                 8.59±2.39             7.98±2.00     0.520
   Abstraction (0--6)               4.07±1.69             2.8±1.55      0.073
   Judgment (0--6)                  4.93±1.54             4.6±0.69      0.538
   Visual construction (0--10)      8.71±2.53             8.7±1.25      0.987
  ZCBS                              17.86±9.07            18.40±9.86    0.890
  WHOQOL-BREF                                                           
   Physical health (domain 1)       12.98±2.32            14.4±2.49     0.166
   Psychiatry (domain 2)            13.33±2.19            14.67±2.69    0.194
   Social relationship (domain 3)   13.86±1.99            15.7±3.06     0.087
   Environment (domain 4)           14.03±1.56            15.24±1.83    0.097
   NPI                              10.71±10.41           14.5±14.23    0.459
   NPI-D                            6.71±4.59             4.5±6.0       0.317

**Notes:** All data are presented as mean ± SD. *P*-value by independent *t*-test.

**Abbreviations:** CDR-SB, Clinical Dementia Rating Sum of Boxes; GDS-S_pt, Geriatric Depression Scale for Patients; GDS-S_inf, Geriatric Depression Scale for Informants; TC-MMSE, Traditional Chinese version Mini-Mental State Examination; CASI, Cognitive Abilities Screening Instrument; ZCBS, Zarit Caregiver Burden Scale; WHOQOL-BREF, World Health Organization Quality of Life-BREF; NPI, Neuropsychiatric Inventory; NPI-D, Neuropsychiatric Inventory Caregiver Distress Scale.

###### 

Effect of multiple training modalities on cognitive function and depression assessment

  Score                          Experimental group (n=14)   Comparison group (n=10)   Postintervention between-group difference, *P*-value[⊚](#tfn5-ndt-12-2843){ref-type="table-fn"}                                                                                   
  ------------------------------ --------------------------- ------------------------- ------------------------------------------------------------------------------------------------- ------------- ------------- --------------------------------------------------- ---------------------------------------------------
  CDR_SB                         4.89±2.82                   4.75±2.44                 0.525                                                                                             4.85±2.58     5.70±1.87     0.329                                               0.192
  GDS-S_pt                       3.57±3.96                   4.43±2.85                 0.272                                                                                             3.40±3.98     4.10±3.41     0.173                                               0.873
  GDS-S_inf                      4±2.69                      3.79±3.24                 0.749                                                                                             3.4±2.50      4.40±3.27     0.456                                               0.370
  TC-MMSE                        18.71±6.37                  19.86±6.70                0.124                                                                                             19.7±3.97     19.20±5.07    0.626                                               0.175
  CASI (total)                   68.08±20.27                 71.33±20.97               0.051                                                                                             64.21±13.80   65.88±14.59   0.408                                               0.520
   Remote memory (0--10)         8.79±1.85                   9.07±2.01                 0.302                                                                                             9±1.49        9.2±1.03      0.555                                               0.840
   Orientation (0--18)           10.07±6.74                  11.79±5.65                0.045[\*](#tfn4-ndt-12-2843){ref-type="table-fn"}                                                 11.30±4.32    9.9±5.13      0.045[\*](#tfn4-ndt-12-2843){ref-type="table-fn"}   0.007[\*](#tfn4-ndt-12-2843){ref-type="table-fn"}
   Attention (0--8)              6.86±1.09                   6.93±1.07                 0.671                                                                                             6.60±1.17     6.40±0.84     0.726                                               0.595
   Concentration (0--10)         6±3.66                      6.86±3.61                 0.111                                                                                             6.9±2.42      6.40±3.20     0.626                                               0.198
   Recent memory (0--12)         4.92±4.97                   5.42±4.89                 0.174                                                                                             2.33±3.62     2.82±3.39     0.074                                               0.983
   Fluency (0--10)               5.14±2.18                   5.64±2.34                 0.187                                                                                             4±2.98        4.60±3.34     0.452                                               0.898
   Language (0--10)              8.59±2.39                   8.19±2.33                 0.074                                                                                             7.98±2.00     8.66±1.45     0.144                                               0.020[\*](#tfn4-ndt-12-2843){ref-type="table-fn"}
   Abstraction (0--6)            4.07±1.69                   3.79±1.76                 0.218                                                                                             2.8±1.55      3.40±0.84     0.193                                               0.058
   Judgment (0--6)               4.93±1.54                   4.93±1.39                 1.0                                                                                               4.6±0.69      5.0±0.47      0.168                                               0.212
   Visual construction (0--10)   8.71±2.53                   8.71±2.34                 1.0                                                                                               8.7±1.25      9.5±0.97      0.070                                               0.154

**Notes:** All data are presented as mean ± SD,

*P*\<0.05.

*P*-value by independent *t*-test,

paired *t*-test.

**Abbreviations:** CDR-SB, Clinical Dementia Rating Sum of Boxes; GDS-S_pt, Geriatric Depression Scale for Patients; GDS-S_inf, Geriatric Depression Scale for Informants; TC-MMSE, Traditional Chinese version Mini-Mental State Examination; CASI, Cognitive Abilities Screening Instrument.

###### 

Effect of multiple training modalities on caregiver burden, quality of life, and neuropsychiatric symptoms

  Score                             Experimental group (n=14)   Comparison group (n=10)   Postintervention between-group difference, *P*-value[⊚](#tfn10-ndt-12-2843){ref-type="table-fn"}                                     
  --------------------------------- --------------------------- ------------------------- -------------------------------------------------------------------------------------------------- ------------ ------------ ------- ---------------------------------------------------
  ZCBS                              17.86±9.07                  18.36±10.73               0.858                                                                                              18.40±9.86   20.8±9.98    0.089   0.584
  WHOQOL-BREF                                                                                                                                                                                                                  
   Physical health (domain 1)       12.98±2.32                  14.12±2.77                0.085                                                                                              14.4±2.49    13.71±2.12   0.427   0.083
   Psychiatry (domain 2)            13.33±2.19                  13.57±2.10                0.520                                                                                              14.67±2.69   13.6±2.95    0.065   0.042[\*](#tfn9-ndt-12-2843){ref-type="table-fn"}
   Social relationship (domain 3)   13.86±1.99                  13.79±1.97                0.890                                                                                              15.7±3.06    14.7±2.3     0.266   0.329
   Environment (domain 4)           14.03±1.56                  14.19±1.61                0.661                                                                                              15.24±1.83   14.49±2.09   0.200   0.156
   NPI                              10.71±10.41                 9.93±11.78                0.545                                                                                              14.5±14.23   8.2±1.93     0.094   0.098
   NPI-D                            6.71±4.59                   4.57±5.35                 0.035[\*](#tfn9-ndt-12-2843){ref-type="table-fn"}                                                  4.5±6.0      3.9±2.92     0.758   0.430

**Notes:** All data are presented as mean ± SD,

*P*\<0.05.

*P*-value by independent *t*-test,

paired *t*-test.

**Abbreviations:** ZCBS, Zarit Caregiver Burden Scale; WHOQOL-BREF, WHO Quality of Life-BREF; NPI, Neuropsychiatric Inventory; NPI-D, Neuropsychiatric Inventory Caregiver Distress Scale.
